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(54) ELECTRON MULTIPLIER TUBE 

(57)Abstract: 

PURPOSE: To reduce dispersion of incident 
efficiency on a next-state dynode on the basis of 
electron release position in a dynode. 
CONSTITUTION: A mesh electrode 9 is disposed in 
an incident opening portion 7a, and dynode group Dy 
comprising dynodes in next and following states are mm 
disposed in the vicinity of the center of curvature for a 
first-stage dynode Dy1. A intermediate potential 
between dynode Dy1 and dynode group Dy is applied 
to a plate electrode 10 and the mesh electrode 9, so 
that a space formed with potential gradient is guided 
from both sides. Accordingly, potential distribution 
becomes nearly uniform from the vicinity of dynode 
Dy1 to dynode group Dy. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
dam ages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The mesh electrode arranged in the 1st incidence opening which is the electron multiplier 
which carries out multiplication of the electron which carries out incidence, and outputs it, and 
receives the electron which should be carried out multiplication, It has the electron multiplier which 
carries out cascade multiplication of the electron which passes and carries out incidence of said 1st 
incidence opening, and the anode which takes out the electron by which multiplication was carried 
out by said electron multiplier. Said electron multiplier The 1st step dynode to which it is the dynode 
which emits a secondary electron in response to the electron which passed the 1st incidence opening, 
and predetermined potential was given, Said 1st step dynode is countered and it is arranged, and it is 
the dynode which emits a secondary electron further in response to the secondary electron emitted 
from said 1st step dynode, and potential higher than said 1st step dynode gives. The 2nd step dynode 
of ****^ It j S constituted by the space between said 1st step dynodes and 2nd step dynodes including 
the auxiliary electrode which extends in the direction which intersects said mesh electrode. To said 
mesh electrode and said auxiliary electrode Middle potential [ higher than the potential of said 1st 
step dynode ] lower than the potential of said 2nd step dynode is given. The electron multiplier 
which uses the opening between said mesh electrodes and said auxiliary electrodes as the 2nd 
incidence opening which the secondary electron to which it was emitted from said 1st step dynode 
passes toward said 2nd step dynode. 

[Claim 2] It is the electron multiplier according to claim 1 with which said 1st step dynode is 
presenting the shape of abbreviation 1 / 4 cylindrical shapes, and said 2nd incidence opening is 
located near the center of curvature of this 1st step dynode. 

[Claim 3] An electron multiplier [ equipped with the 2nd auxiliary electrode with which potential / 
higher than the potential of this mesh electrode / lower than the potential of said 2nd step dynode 
was given near said mesh electrode in said 2nd incidence opening ] according to claim 1. 
[Claim 4] When said 1st step dynode sets distance between a part most distant from said 1st 
incidence opening, and said 1st incidence opening to L, the dynode and said anode of each stage 
after said 2nd step dynode which constitutes said electron multiplier are an electron multiplier 
according to claim 1 arranged in the field specified in distance L from said 1st incidence opening. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the electron multiplier which carries out 
multiplication of the electron which carries out incidence, or the photoelectron by two or more steps 
of dynodes. 
[0002] 

[Description of the Prior Art] The dynode of a Venetian-blind mold is shown m drawing 9 (JP,2- 
29 1656, A). In this type of dynode, although the electron (or photoelectron) which carries out 
incidence, for example on Orbit b collides with the dynode 101 of the 1st step, on Orbit a, the 
electron which carries out incidence passes through the dynode 101 of the 1st step, and collides the 
dynode 102 of the 2nd step, and directly. Consequently, there was a case where electronic collector 
efficiency fell, moreover - although multiplication of the electron which carried out incidence on 
Orbits d and e is carried out and the dynode 102 of the next step may be reached, as shown in 
drawing 10 - the inside of incidence opening of a dynode 101 negative potential - "-- sinking in - 
- " - since it is, on Orbit c, the electron which carried out incidence to the upper part section of a 
dynode will be pulled back by the potential of a dynode 101, and multiplication will not be carried 
out as a result. 

[0003] although incidence of the electron which carried out incidence to the dynode 103 of the 1st 
step on Orbits f and g can be carried out to the dynode group 1 04 after the 2nd step on the other hand 
also in the dynode of the type shown in drawing 1 1 - this case - the inside of incidence opening of a 
dynode 103 - negative potential - "-- sinking in ~ " -- since it is, multiplication of the electron 
which carried out incidence to the upper part section of a dynode 103 on Orbit h is not carried out as 
a result. Moreover, electronic mileage changes with differences of the emission location from a 
dynode 103, consequently the electron which carried out incidence on Orbit f and Orbit g also has 
the variation in the electron transit time in the inclination which becomes large. 
[0004] Furthermore, in the dynode (JP,5-1 14384,A) of the type shown in drawing 12 ^incidence of 
the secondary electron which the measuring area of the electron emission sides is restricted to the 
illustrated field A, for example, was emitted from the i section is carried out to the rear-face side of a 
dynode 105 of the 3rd step, incidence of the secondary electron emitted from the j section is carried 
out to an auxiliary electrode 106, and incidence of the secondary electron emitted from the k section 
is carried out to the convergence electrode 107 side. For this reason, there was a fault that collector 
efficiency fell. 

[0005] This invention is made that such a technical problem should be solved, and the purpose is to 
offer the electron multiplier which reduces the time variation of the secondary electron which 
reaches the 2nd step dynode while abolishing the variation in the incidence effectiveness to the 2nd 
step dynode based on the electron emission location of the dynode of the 1st step. 
[0006] 

[Means for Solving the Problem] Then, the electron multiplier concerning this invention is equipped 
with the electron multiplier which carries out cascade multiplication of the electron which passes and 
carries out incidence of the 1st incidence opening to the electrode of the shape of a mesh arranged in 
the 1st incidence opening which receives the electron which should be carried out multiplication, i.e., 
a mesh electrode, and the anode which takes out the electron by which multiplication was carried out 
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by the electron multiplier. Potential higher than the 1st step dynode and the 1st step dynode which 
emit a secondary electron in response to the electron which passed the 1st incidence opening gives 
this electron multiplier, and it is constituted including the auxiliary electrode which extended in the 
direction which intersects a mesh electrode in the space between the 2nd step dynode which 
countered the 1st step dynode of **** and has been arranged, and the 1st step dynode and the 2nd 
step dynode. And middle potential [ higher than the potential of the 1st step dynode ] lower than the 
potential of the 2nd step dynode is given to this mesh electrode and auxiliary electrode, and it 
constitutes as the 2nd incidence opening which the secondary electron to which the opening between 
a mesh electrode and an auxiliary electrode was emitted from the 1st step dynode passes toward the 
2nd step dynode. 

[0007] Moreover, the 1st step dynodes have abbreviation 1 / the shape of 4 cylindrical shapes 
containing 1/4 cylindrical shape, and the 2nd incidence opening may be allotted and constituted near 
the center of curvature of this 1st step dynode. 

[0008] Furthermore, near the mesh electrode in the 2nd incidence opening, the 2nd auxiliary 
electrode with which high potential lower than the potential of the 2nd step dynode was given may 
be arranged, and an electron multiplier may consist of potentials of this mesh electrode. 
[0009] moreover, the inside of the field where the dynode and anode of each stage after the 2nd step 
dynode which constitutes an electron multiplier will be specified in distance L from the 1st incidence 
opening if the 1st step dynode sets to L distance between the parts and the 1st incidence openings 
which are most separated from the 1st incidence opening --****-- you may arrange like. 
[0010] 

[Function] the so-called negative potential which arranges a mesh electrode in the 1st incidence 
opening, and enters into these 1st incidence opening circles by giving middle potential [ higher than 
the potential of the 1st step dynode ] lower than the potential of the 2nd step dynode to this mesh 
electrode - sinking in ~ " ~ it is prevented. 

[001 1] Moreover, although an electric potential gradient is formed between the 1st step dynode and 
the 2nd incidence opening of the potential difference given to the 1st step dynode which counters, 
and the 2nd step dynode, since it is arranged so that the mesh electrode and auxiliary electrode with 
which such middle potentials were given to these both sides may surround, it will be in the condition 
of being formed so that the equipotential line may jut out of the 2nd incidence opening at spacing 
with an equal abbreviation toward the 1st step dynode side. 
[0012] 

[Example] Hereafter, the example of this invention is explained with reference to an accompanying 
drawing. The photomultiplier tube built over drawing 1 at this example is shown. This photo- 
multiplier forms the vacuum housing by the stem 3 of the cylindrical shape which constitutes the 
light-receiving side 1, the globular form bulb 2, and globular form pedestal which receive incident 
light. Moreover, photoelectric cathode 5 is formed, the light which carries out incidence through the 
light-receiving side 1 is irradiated by photoelectric cathode 5, and a photoelectron is emitted to the 
wall of the light-receiving side 1 from a light-receiving part. Moreover, the electron multiplier 6 
which carries out multiplication of the emitted photoelectron is arranged in photoelectric cathode 5 
and the location which countered. 

[0013] An electron multiplier 6 is expanded and shown in drawing 2 . The electron multiplier 6 is 
equipped with the focal electrode 7 as which the orbit of the photoelectron emitted from 
photoelectric cathode 5 is completed, and has formed the mesh-like mesh electrode 9 in incidence 
opening 7a of the center. These focus electrode 7 and the mesh electrode 9 of each other are 
connected electrically, and the same potential is given. 

[0014] Moreover, incidence opening 7a is countered, the dynode Dyl of the 1st step which presents 
the shape of abbreviation 1/4 cylindrical shapes is arranged, and a secondary electron is emitted in 
response to the photoelectron which passed incidence opening 7a. Near the incidence opening 7a, the 
curved surface of this dynode Dyl has small curvature, and serves as a configuration to which it 
takes for keeping away and curvature becomes large gradually. Moreover, near the center of 
curvature of this dynode Dyl, this dynode Dyl was countered and the dynode group Dy which 
carried out the laminating of the dynode after the 2nd step, and constituted it is arranged. Thus, since 
the secondary electron emitted near the center of curvature of a dynode Dyl from the dynode Dyl by 
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arranging the dynode group Dy goes in the direction of center of curvature of a dynode Dyl, its 
incidence effectiveness of the secondary electron to the dynode group Dy improves. Moreover, since 
it becomes equal mutually omitting the mileage, as for the secondary electron emitted from each part 
grade of a dynode Dyl, the variation in the transit time of a secondary electron is reduced. 
[0015] In addition, the photoelectron by which cascade multiplication was carried out is taken out by 
this dynode group Dy through the anode (not shown) prepared in the last stage. 
[0016] Furthermore, the plate-like plate electrode 10 is arranged in the space between a dynode Dyl 
and the dynode group Dy near [ between the edge of the dynode Dyl most located far away from the 
mesh electrode 9, and the dynode group Dy ]. The cross section of this plate electrode 10 is 
presenting the shape of a long and slender rectangle in the direction which carries out an 
abbreviation rectangular cross with the mesh electrode 9, and the plate electrode 10 which has such a 
cross section has extended in the direction perpendicular to the space of drawin g 2 along the edge of 
the dynode group Dy. In addition, the same potential as the mesh electrode 9 is given to this plate 
electrode 10, and it is in the condition that incidence opening of the dynode group Dy is located 
between this mesh electrode 9 and the plate electrode 10. 

[0017] Here, the distribution condition of the equipotential line formed of this is indicated to be an 
example of the electrical potential difference given to each part to drawing 3 . this example ~ the 
dynode Dyl of the 1st step -- the first rank of 704V and the dynode group Dy - the electrical 
potential difference of 810V is given to a dynode, respectively, and 720V used as the middle 
electrical potential difference of a dynode Dyl and the dynode group Dy are given to the focal 
electrode 7, the mesh electrode 9, and the plate electrode 10. 

[0018] Thus, it turns out by forming the mesh electrode 9 in incidence opening 7a, and giving middle 
potential to the mesh electrode 9 that stain **** of the negative potential inside incidence opening 7a 
is controlled. Moreover, since it becomes the configuration which guides the space which the electric 
potential gradient produced by the dynode Dyl and the dynode group Dy from both sides with the 
mesh electrode 9 with which it was given to such middle potentials, and the plate electrode 1 0, the 
equipotential line 1 is in the condition of being distributed almost in the said alignment centering on 
near dynode group Dy. There is especially no turbulence in the electric field (distribution condition 
of the equipotential line 1) of the dynode Dyl neighborhood. Therefore, since incidence of the 
secondary electron emitted from each location a-e of a dynode Dyl can be altogether earned put to 
the dynode group Dy via the illustrated orbit, the whole abbreviation surface of the curved surface of 
a dynode Dyl turns into measuring area. Thus, the collector efficiency of a secondary electron can 
be raised by the ability of a large measuring area to be taken. 

[0019] Moreover, other examples are shown in drawing 4 and drawing 5 . the dynode group Dy 
among the photomultiplier tubes which illustrated this photomultiplier tube by above-mentioned 
drawing 1 etc. ~ the dynodes Dy2, Dy3, and Dy4 of the Rhine focus mold - it is the structure 
replaced by .. Moreover, it is constituted so that incidence opening to a dynode Dy2 may be located 
near the center of curvature of a dynode Dyl, and the rod-like pole electrode 1 1 with which potential 
lower than the potential of a dynode Dy2 was given more highly than the potential of this mesh 
electrode 9 is formed in incidence opening to a dynode Dy2 near the mesh electrode 9. This pole 
electrode 1 1 has extended in the direction perpendicular to the space of drawing 5 along the edge of 
incidence opening 7a. The orbit of the secondary electron which passes through this neighborhood 
will be corrected to the drawing 6 bottom by forming the pole electrode 1 1 with which such an 
electrical potential difference was given in this location. Consequently, incidence of the secondary 
electron which was carrying out incidence can be carried out to a dynode Dy2 between a dynode 
Dy2 and a dynode Dy4 etc., and the incidence effectiveness to a dynode Dy2 can be raised. 
[0020] The distribution condition of the equipotential line formed in drawing 6 of this with an 
example of the electrical potential difference given to the main parts is shown. In this example, the 
same electrical potential difference is given to the same part as drawing 3 , and 1030V are given [ at 
735V and the dynode Dy2 of the 2nd step / 810V and the dynode Dy3 of the 3rd step ] 942V and the 
dynode Dy4 of the 4th step, respectively, other parts 11, for example, pole electrode. Thus, also 
when constituted, it is distributed over the condition that the equipotential line 1 ******s to 
abbreviation homogeneity from between the pole electrode 1 1 and the plate electrodes 10, and there 
is no turbulence also in the electric field of the dynode Dyl neighborhood. Therefore, incidence of 
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the secondary electron emitted from each location a-e of a dynode Dyl can be altogether carried out 
to a dynode Dy2 via the illustrated orbit. 

[0021] Moreover, as shown in drawing 7 , it is also possible to arrange so that the dynodes Dy2-Dy9 
and anode 12 of the Rhine focus mold may be stored in the field which a dynode Dyl occupies. In 
this example, when distance between the parts of a dynode Dyl and incidence opening 7a which are 
most separated from incidence opening 7a is set to L, all dynodes Dy2-Dy9 and anodes 12 are as ** 
in the distance L from incidence opening 7a. Thus, the whole photomultiplier tube can consist of 
constituting in a compact. 

[0022] In addition, although the configuration of this dynode Dyl was made into 1 / the shape of 4 
cylindrical shapes with the fixed curvature of a curved surface, it is distributed over the condition 
that the equipotential line 1 ******s to abbreviation homogeneity from between the pole electrode 1 1 
and the plate electrodes 10 also in this case, and there is no turbulence also in the electric field of the 
dynode Dyl neighborhood. Therefore, incidence of the secondary electron emitted from each 
location a-d of a dynode Dyl can be altogether carried out to a dynode Dy2 via the illustrated orbit 
( drawing 8 ). 

[0023] About the photo-multiplier of three types explained above, the variation (TTS) in the electron 
transit time was measured under the illustrated monograph affair. The result is shown in Table 1. 



[0024] 
Table 


1] 












m6 


08 




TTS 


0. Bnsec 


1. 2nsec 


1. 4nsec 


3. 3Dsec 



[0025] This result shows that each variation of the transit time is suppressed low and the time 
amount property is improved compared with the conventional thing which showed the variation in 
the electron transit time in the photo-multiplier shown by drawing 3 , drawing 6 , and drawing 8 in 
drawing 1010 . 

[0026] Although each example explained above explained the photomultiplier tube to the example as 
an example of an electron multiplier, of course, it is also possible to adopt this configuration as the 
electron multiplier which is not equipped with photoelectric cathode. 
[0027] 

[Effect of the Invention] Since it becomes the structure which guides the both sides of the space 
which the electric potential gradient produced by the 1st step dynode and the 2nd step dynode from 
both sides with the mesh electrode with which it was given to such middle potentials, and an 
auxiliary electrode according to the electron multiplier concerning this invention, the 2nd incidence 
opening is covered near the 1st step dynode, and it becomes equal omitting potential distribution in 
the space of this inside. For this reason, toward the 2nd step dynode side, it will be led to 
abbreviation homogeneity, the variation in the incidence effectiveness by the emission location of a 
secondary electron is reduced, and the secondary electron emitted from the large range of the 1st step 
dynode becomes possible [ also suppressing the variation in the electron transit time ]. 
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[Drawing 1] 




[Drawing 3] 
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[Drawing ^ 
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[Drawing 9] 




[Drawing 101 
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[Drawing 121 
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PURPOSE: To reduce dispersion of incident 
efficiency on a next-state dynode on the basis of 
electron release position in a dynode. 
CONSTITUTION: A mesh electrode 9 is disposed 
in an incident opening portion 7a, and dynode 
group Dy comprising dynodes in next and 
following states are disposed in the vicinity of the 
center of curvature for a first-stage dynode Dy1 . 
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and dynode group Dy is applied to a plate 
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